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Abstract.  A drought during the summer of 2000
caused record low flows in the lower Flint River Basin
(FRB) and many perennial streams dried or became
intermittent. Pre-drought surveys conducted in 1999
allowed an assessment of the impact of the drought on
mussel assemblages. During 2001, 21 stream reaches
which had abundant or diverse mussel assemblages
were resurveyed. Where possible, study sites were
classified as flowing or non-flowing during the drought.
Mussel abundance at sites classified as non-flowing
showed significant declines (median value 80%
decrease) compared to flowing sites (median value 5%
increase). Generally, greatest declines in mussel
abundance occurred in the mid-reaches of the major
tributaries of the lower Flint River. Declines in mussel
populations appear to be associated with unusual
climatic conditions and increasing demand on the area
streams and the regional aquifer system for irrigation
water supply.
INTRODUCTION
Freshwater mussel communities of the Flint River
Basin (FRB) in southwest Georgia are among the
richest mussel assemblages in the world. Historically, 29
species of mussels, 7 of which were endemic, occurred
in the Flint River system (Clench and Turner 1956).
Surveys conducted between 1991 and 1993 found that
several Flint River tributaries within the Coastal Plain
(lower FRB) continue to harbor a diverse mussel fauna,
numbering from 9 to 16 species, including several
endangered species (Brim Box and Williams 2000). The
area where the highest concentration of endangered
species occurred, and the most abundant and diverse
communities were noted, was in the tributary streams of
the lower FRB.
In southwest Georgia, a record drought during
summer and fall of 2000 resulted in stressful conditions
in the tributaries of the lower FRB. Many perennial
streambeds went dry, while other stream segments
became intermittent. In some locations, headwater
sections sustained flow, while downstream sections
stagnated (Johnson et al. 2001). In larger streams,
flowing water persisted throughout the drought;
however, water levels dropped to unprecedented lows
(USGS 2000).
Pre-drought population surveys conducted in 1999
provided baseline information to assess drought impacts
(Johnson 2001). The purpose of this investigation was to
assess the regional extent of mussel population losses
during the 2000 drought. Specific objectives included:
(1) determine the extent and nature of change in mussel
assemblages as a result of drought; (2) identify stream
reaches that were subject to stagnation or drying during
the drought; and (3) assess the relationship between
mussel assemblage composition and hydrologic
conditions.
STUDY SITE
This study was conducted in tributary streams of
the lower FRB (Fig. 1), on the Gulf Coastal Plain of
southwest Georgia. Many of the streams originate in the
Fall Line Hills physiographic district. Their flows begin
as seeps and springs emanating from the Claiborne
aquifer. Downstream, they flow onto the Dougherty
Plain, where baseflows are sustained by the Upper
Floridan aquifer, a regionally important water resource
(Hicks et al. 1981).
Based on 50 years of continuous streamflow
records, average daily discharge has declined during the
growing season since the development of irrigation in
southwest Georgia (Stamey 1996). A modeling study
predicted that groundwater withdrawals from the Upper
Floridan aquifer during droughts could diminish aquifer-
stream connections resulting in the drying of some
reaches in the lower FRB (Albertson and Torak 2002).
Although the extent has not been quantified, water
withdrawal from both groundwater and stream sources
during extended droughts contributes to stream drying.
METHODS
Streamflow  Conditions During the 2000 Drought
During the summer of 2000, the hydrologic
condition for 20 mussel survey sites was documented by
field observations of Jones Center Staff (i.e., Golladay
and Battle 2001, Johnson et al. 2001, Stephanie Davis
unpublished data on file at the Jones Research Center)
or from flow records of the U.S. Geological Survey
(http://ga.waterdata.usgs.gov/nwis/). Sites were
classified as flowing if they had observable moving
water in the main channel during the worst drought
conditions (Fig. 1). Sites classified as non-flowing either
dried completely, or dried to isolated pools with no
surface flow between pools. Ten sites were classified
as non-flowing and 7 of those sites occurred on the
Dougherty Plain.
Mussel Surveys
At each site, the streambed extending from 100 to
200 m upstream from the bridge crossing was searched
for mussels using standardized methods (e.g., Johnson
2001). Live mussels were identified and immediately
returned to the stream bottom. Unionids were identified
to species level, except Elliptio complanata and
Elliptio icterina, which were grouped together as
Elliptio complanata/icterina because of the difficulty
of distinguishing between the 2 species in the field.
Data Analysis
The hydrologic classification (i.e., flowing or non-
flowing during summer 2000) was used as the basis of
statistical analysis. Taxa abundance was compared at
sites classified as flowing versus non-flowing using the
Mann-Whitney Rank Sum Test (Sigma-Stat Version
2.03, SPSS Science, Chicago, Illinois).
Mussel taxa found during the 1999 and 2001
surveys were grouped into 3 categories based on their
conservation status (Table 1, Brim Box and Williams
2000). In addition, the drought tolerance of mussel taxa
was noted based on studies by Johnson et al. (2001).
Taxa considered intolerant had significantly greater
percent mortality at DO levels below 5 mg/L than
above and the difference was greater than 10% (range
14-81%). Tolerant taxa showed no difference in
mortality at DO levels above and below 5 mg/L, or a
difference of less than 10% (range 1-7%). Only 14 of
the 22 taxa found in the lower FRB were present in
sufficient abundance in this study to evaluate changes
associated with the 2000 drought (Table 1).
RESULTS AND DISCUSSION
Mussel Abundance
Changes in total mussel abundance between 1999
and 2001 varied greatly, ranging from a 93% decrease
to a 180% increase (Fig. 2). A majority of sites on the
Dougherty Plain had declines in mussel abundance.
Sites classified as non-flowing had significantly greater
decreases in mussel abundance than flowing sites
(Mann-Whitney Rank Sum Test, p=0.006). However,
drying did not result in decreases in abundance at all
non-flowing sites. For example, mussel populations
remained stable at site 97-150 even though flow ceased
(Fig. 1). This site is noted for extensive wood debris,





























Figure 1.  Location of mussel survey sites
in southwest Georgia.
conditions (Johnson 2001, Johnson et al. 2001). Also,
some sites that dried were dominated by drought
tolerant taxa (91-121, 91-011). A substantial decline in
mussel abundance was also observed at 2 of the
flowing sites (91-020, 97-132). At site 91-020 channel
dredging was observed. Site 97-132 had poor mid-
channel mussel habitat (coarse sand) and most mussels
were associated with roots and stumps along the
streambank. While flow persisted, channel shrinkage
probably resulted in a decrease in mussel habitat.
Increases in mussel abundance observed at several
flowing sites were probably not due to reproduction, as
few small individuals were observed during 2001
resurveys. The apparent increases are attributed to
greater sampling efficiency since conditions for
observing mussels were better at these sites (i.e. lower
flows, clearer water) in 2001 compared to 1999. All of
the sites showing declining mussel populations were
surveyed under comparable or more favorable
conditions for observing mussels in 2001 than in 1999.
Presence and Abundance of Mussel Species
Populations of most of the common mussel species
appear to endure drought better than other species
(Table 1). As a group, most are stress tolerant. (Table
1, Johnson et al. 2001). However, declines in total
number of E. crassidens, a riffle-associated species,
were observed. These declines were largely due to very
high mussel mortality (93%) at 1 site, 91-010. This site
ceased flowing during the drought (Fig. 1). In the lower
FRB, riffle-associated species are susceptible to
drought stress (Johnson et al. 2001). Declines in the
presence of V. lienosa were also observed. Losses
were from 4 sites where V. lienosa were uncommon
during the 1999 survey. At the other survey sites,
populations of V. lienosa appeared stable. Increases in
the presence and/or abundance of E.
complanata/icterina, T. paulus, V. lienosa, and V.
vibex were observed largely due to increases at 5 sites
(92-158, 99-002, 99-003, 97-115, and 97-121) where
conditions for observing mussels were better (i.e. lower
flows, clearer water) in 2001 compared to 1999.
The stress tolerances of special concern species in
the lower FRB are not known. However, 2 special
concern species, L. s. claibornensis and V. villosa,
declined in abundance (>50%) and in the number of
sites where they occurred from 1999 – 2001 suggesting
that they are drought intolerant (Table 1). The decline in
presence was particularly large for L. s. claibornensis
decreasing from 9 sites in 1999 to 1 site in 2001.
Populations of the other special concern species
appeared stable, although as a group those species were
not abundant in the survey areas.
The endangered taxa, as a group, are intolerant of
drought stress and 1 species Lampsilis subangulata ,
declined in presence and abundance from 1999 – 2001
Table 1. Comparison of 1999 and 2001 mussel surveys by species. Twenty-one sites were surveyed each year. Drought


















Elliptio complanata/icterina Tolerant 21 20 6208 6428
Elliptio crassidens Intolerant 6 7 1937 1055
Toxolasma paulus Tolerant 13 12 231 427
Uniomerus carolinianus Tolerant 10 10 46 74
Villosa lienosa Tolerant 20 16 1632 1720
Villosa vibex Tolerant 16 18 390 766
Special Concern Species
Elliptio purpurella Unknown 10 8 99 161
Lampsilis straminea claibornensis Unknown 9 1 20 8
Quincuncina infucata Unknown 14 11 360 543
Strophitus subvexus Unknown 4 5 10 9
Villosa villosa Unknown 3 1 31 1
Endangered Species
Lampsilis subangulata Intolerant 11 7 131 56
Medionidus penicillatus Intolerant 2 1 9 17
Pleurobema pyriforme Intolerant 5 6 42 87
(Table 1, Johnson et al. 2001). The other endangered
species persisted during the drought because they
occurred at sites that maintained flow or had refugia
(i.e. abundant wood debris). In general, endangered
species were not abundant in the survey reaches.
CONCLUSIONS
Examination of historical freshwater mussel
distributions points to a general pattern of decline for
many mussel species in the Apalachicola,
Chattahoochee, and Flint Basin attributable to a history
of multiple disturbances (e.g., Brim Box and Williams
2000).  Many species classified as endangered or of
special concern disappeared from the mainstem of the
Chattahoochee River and, to a lesser extent, the Flint
River by 1991 (Brim Box and Williams 2000).  Once
the distribution of a species is confined to smaller
tributaries, the pattern of decline continues, eventually
leading to extirpation or extinction of the species.
In this study, greatest declines in mussel abundance
occurred in the mid-reaches of the major tributaries of
the lower Flint River. These reaches depend on the
Upper Floridan aquifer, heavily used for irrigation, to
maintain baseflows. Declines in mussel populations
appear to be associated with unusual climatic conditions
and increasing demand on the area streams and the
regional aquifer system for irrigation water supply.
Thus, infrequent disturbances, such as the 2000 drought,
stress the remaining populations and accelerate the loss
of freshwater mussel diversity from the lower FRB.
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Figure 1.  Percent change in mussel abundance
from 1999 to 2001.
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